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(54) Linear igniters for airbag inflators 

(57) A linear igniter (26) for a vehicle airbag inflator 
(10) includes a solid igniter tube body (28) accommo* 
dating igniter material which may be granular. The body 
(28) is made from materials including nitrocellulose, pa- 
per, hydrocarbons, poly (hydrocarbon oxides) and a mix- 
ture of igniter material and a binder and is designed to 



be consumable so as to leave no solid phase products 
upon combustion by a squib (24). The igniter may alter- 
natively be formed as an integral solid rod and may be 
manufactured by extrusion or moulding. A consumable 
cap (30) locates one end of the igniter (26) in a housing 
(1 2) of the inflator (10) and auto-ignites at a temperature 
in the range 1 49'*C to 232*0. 
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Description 

This invention relates to inflatable passive restraint 
systems used in vehicles for restraining the movement 
of a seated occupant during a collision and. more par- 
ticularly, to improved igniters for the activation of the gas 
generator, or inflator, of such a system. 

Safety restraint systems which self -actuate from an 
undeployed state to a deployed state without the need 
for intervention by the operator, i.e. 'passive restraint 
systems', and particularly those restraint systems incor- 
porating inflatable bags or cushions (commonly referred 
to as "airbags') have been devised for automotive vehi- 
cles. In such systems, one or more airbags are stowed 
in storage areas v/ithin the passenger compartment of 
the vehicle. Upon actuation, the airbag is deployed from 
its storage area into the passenger compartment 
through openings in the vehicle interior. 

Vehicular inflatable restraint systems normally in- 
clude at least one crash sensor, generally positioned 
about the frame and/or body of the subject vehicle, 
which serves to sense sudden decelerations by the ve- 
hicle. Upon detection of such a sudden deceleration, as 
would occur in a collision, the airbag or airbags are rap- 
idly Inflated and deployed to cushion the driver and/or 
passengers from injury-causing contact with the interior 
structure of the vehicle. 

An airbag provided for the protection of the vehicle 
driver, i.e. a driver side airbag, is usually mounted in a 
storage compartment located in the steering column of 
the vehicle. An airbag tor the protection of a front seat 
passenger, i.e., a passenger side airbag, is typically 
mounted in a storage compartment behind the instru- 
ment panel/dashtsoard of the vehicle. Such airbags are 
housed in a deflated, folded condition to minimise space 
requirements. Mounted in close conjunction with the air- 
bags are the necessary elements to cause inflation 
thereof upon actuation by the sensor. A nuniber of de- 
vices are known for the inflation of airbags. in one de- 
vice. Icnown as an inert gas inflator, a folded airtsag is 
inflated by gas supplied from a container charged with 
a pressurised supply of inert gas. In another known de- 
vice, referred to as a pyrotechnic inflator, gas is gener- 
ated by ignition of a pyrogenic gas generating compo- 
sition, the components of which either decompose or 
chemically react to generate sufficient gas to inflate one 
or more airbags in the required time period. A third type 
of device, known as a hybrid inflator, uses both a stored 
gas supply and a pyrogenic gas generating composi- 
tion. In those devices using gas generating composi^ 
tions, an Igniter is required to initiate the generation of 
the inflation gas. Igniters may take a number of forms 
dependent on the specific gas generation device and 
the particular gas generant composition utilised. 

One form of igniter is described in United States 
' Patent'No. 4.005,876, of Jorgens'^en' et air, issued Feb-" 
ruary 1 , 1 977. In the device described in this patent, the 
igniter includes a steel tube filled with a pyrotechnic ma- 



terial, an electric squib at one end of the tube, and a long 
fuse extending the length of the tube. The tube contains 
an igniter compos rtbn comprising a granular mixture of 
boron and potassium nitrate. Pellets of a gas generating 
s composition, such as sodium azide, surround the steel 
tube. The electric squib initiates combustion of the fuse, 
igniting the igniter composition which releases a flame 
of hot gases on the gas generant pellets. 

Hamilton, in U.S. Patent No. 4,200,615 issued April 
10 29, 1 980, teaches a similar linear igniter. 

A further device is taught in Cunningham, U.S. Pat- 
ent No. 4,878,690, issued November 7, 1989. The ignit- 
er in this device comprises a relatively thin perforated 
aluminium or stainless steel tube. Rapid deflagration 
16 cord (RDC) is provided in the centre of the tube with 
granules of an ignition composition surrounding it. The 
tube is covered with an adhesive backed aluminium toil 
to keep the ignition powder or granules from coming 
through the holes in the perforated steel tube. Foam 
20 plugs are press fit into the ends of the tube. In inflators 
which use wafers of the gas generant, the ignition tube 
is located in the centre hole of the wafers, while in infla- 
tors which use particles or pellets of gas generant ma- 
terial, the igniter is centred in the combustion chamber 
25 and surrounded by the pellets. In such devices, ignition 
begins at the centre of the tube ar^d the ignition products 
flow through the perforations in the tube to the pyrogenic 
gas generant, heating it to a temperature at which it gen- 
erates inflation gas. The initially generated inflation gas 
30 passes through the particles, pellets or wafers of gas 
generant to exit the combustion chamber through per- 
forations provided in its exterior wall. 

These prbr art inflators all provide for passing the 
gas through a filter as they leave the combustion cham- 
36 ber and before they are discharged in the airbag. The 
fitter serves both as a heat sink, cooling the gases, and 
to remove particulates from the gas stream. Such par- 
ticulates can result from degradation of the gas generant 
wafers or pellets caused, at least in part, by the flow of 
40 the initially generated gas through the as yet uncon- 
sumed gas generant particles as such gas passes to the 
perforations in the exterior wall of the combustion cham- 
ber. Further particulates can also result from the partial 
deterioration of structural components used within the 
combustion chamber, the Igniter and the squib initiator. 
The filters used in the prior art inflators effectively assure 
that such particulates do not exit into the airbag. 

The prior art igniters, whether used with gas gener- 
ant pellets or with gas generant wafers, are assembled 
to be centred in the inflator combustion chamber. More- 
over, to be effective, the igniters must provide for an 
even ignition throughout the length of the inflator. To ac- 
complish such they often use a rapid deflagration cord 
(RDC) fuse, having a flame propagation rate in the 
range of 201 to 366 m/s (660 to 1200 ft/s) surrounded 
by a""bin"ary ignitioTi material, a mbcture of finely 'divideid 
boron and potassium nitrate, which provides a suitably 
high temperature impingement of ignition gases on the 
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gas generant for an effective dwelt time. Many variations 
of the prior art inftators and their linear igniters are pres- 
ently in use and work welt. However, the igniters are 
comprised of many components, some of which are 
costly, and require labour intensive assembly. 

The igniters o1 the prior art are relatively expensive 
to make and instatt. Additionally, they can produce a hot 
particulate residue which must be removed to prevent 
Its dainaging the airbag during the inflation thereof. A 
need exists for less complicated, more easily assem- 
bled igniters which provide uniform ignition, while pro- 
viding a high degree of safety and consistency. 

Further, in many prior art inftators, specifically those 
made of aluminium, the possibility that they n^y be sub- 
jected to a high temperature environment, such as rnight 
be encountered in a vehicle fire, leads to a further safety 
concern. The gas generaiit in the inflator typically will 
auto ignite (ignite In the absence of actuation by the ig- 
niter) at a temperature of about (650** F) 343°C. At such 
a temperature the strength of the aluminium housing de- 
grades resulting in the possibility of it rupturing and scat- 
tering fragments in all directions. Since the use of rela- 
tively light weight aluminium in the housing offers weight 
advantages, the provision of an igniter which will auto- 
ignite, at a temperature at which the physbal strength 
and integrity of an aluminium housing is not compro- 
mised, is desirable. Auto-ignition devices have been 
provided in prior art aluminium inftators, see United 
States Patent No. 4,561,675. to Adams et at. IHowever, 
the provlsbn of such auto-ignition means has required 
the assembly of the several components Involved there- 
in and their mounting in the inflator. A need exists for a 
simplified auto-ignition device with fewer components 
which can be assembled easily and less expensively. 

The present invention is directed to a novel igniter 
for passive restraint systems which may be easily and 
economically manufactured while avoiding the deficien- 
cies of the previously discussed igniters. 

One object of the present invention is to provide an 
igniter which can be manufactured more simply and less 
expensively than prior art igniters. 

Another object is to provide an igniter from compo- 
nents which are consumed when ignited, thereby reduc- 
ing the filtration requirements of the prior art inflators. 

A further object Is the provision of solid igniters the 
shape of which can be tailored to complement the par- 
ticular grain configuration of the gas generant 

A further object is the provision of an igniter having 
the characteristics noted above and which incorporates 
therein a stable and reliable auto ignition material which 
consistently provides for auto ignition at a temperature 
below that at which the strength and structural integrity 
of the aluminium shell is compromised and which is rel- 
atively simple to manufacture and install. 

Reference Is made to the accompanying drawings 
in the detailed description which follows. In these draw- 
ings tike parts are designated by the same reference 
numbers. 



Figure 1 is a cross-section schematic view of an in- 
flator assembly incorporating an igniter according to the 
present invention. 

Figure 2 is an exploded view of the igniter shown in 
s the Inflator of Figure 1 . 

Figures 3A and 3B show a further preferred embod- 
iment of the invention wherein the main body of the ig- 
niter is an extruded or moulded shape of igniter material. 
Figure SB is an end view of the Igniter shown in Figure 
3A. 

■ Figures 4A and 4B show another embodiment of an 
igniter according to this invention. 

Figures 5A and 5B show another inflator in whbh 
an igniter according to the present invention can advan- 
tageously be used. Figure 5B is a cross section of the 
inflator located at the break in Figure 5 A. 

Figures 6A and 6B show a further inflator using an 
Igniter according to the present Invention. Figure 68 Is 
a cross section of the inflator located at the break In Fig- 
ure 6A. 

Figures 7A and 7B show a further inflator using ig- 
niters according to the present invention. Figure 78 is a 
cross section of the inflator located at the brea k in Figu re 
7A 

Figures SAandSB Illustrate a further Igniter accord- 
ing to the present Invention. Figure 8A Is a side view, 
white Figure 8B is an end view, of the igniter. 

Figures 9A through 91 illustrate various cross sec- 
tions of igniters according to the present invention. 

Figure 1 0 shows a further inflator wherein an auto- 
ignition cap in accord with the present invention coop- 
erates with a cavity In the inflator housing to centrally 
locate the igniter within the housing. 

In accordance with the present invention, a new ig- 
niter is provided wherein the metallic components of the 
previously used igniters are replaced by components 
fabricated from materials which are consumable, being 
essentially converted to by-products which are gases at 
the temperatures produced during the gas generation 
process. The new igniter provides ignition material en- 
cased in a solid consumable tube either (a) by fabricat- 
ing a hollow tube of the consumable material and load- 
ing the tube with the igniter material or (b) by fabricating 
a solid rod of the igniter material. The solid rod embod- 
iment may Include one or more perforations which run 
longitudinally through the solid rod and which provide a 
path for flame propagation. In the hollow tube embodi- 
ment an end cap is provided at one end of the tube to 
hold the Igniter material wrlhin the tube. Such an end 
cap can be fabricated from a composition, such as a ni- 
trocellulose composition, which functions as a source of 
auto-ignition at a temperature below that at which the 
strength of the aluminium inflator housing significantly 
deteriorates. 

The inventive Igniters can be used as substitutes 
for the igniters In the prior art inflators described above 
or they can be used with an extruded gas generant such 
as that described In co-pending European patent appll- 
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cation corresponding to U.S. patent application 
08/392,570 entitled "Gas Generation and Ignition Sys- 
tem for Alrbag Inflation", which is incorporated by refer- 
ence herein. 

A centrally Ignited inflator tor use with a passenger 
side alrbag assembly, and in which the inventive igniters 
can advantageously be used, is shown in Figure 1. in 
this embodiment, the inflator includes an elongated 
housing 1 2 enclosing a combustion chamber 1 4. The 
combustion chamber 14 Is further defined by a first end 
cap 20 and a second end closure 22 respectively. A 
standard squib 24. or other suitable initiator, as gener- 
ally known in the art, Is located at one end of the gas 
generator 10, in proximity with igniter 26. The igniter 26 
includes an Igniter tube 28 fabricated f rorn a consuma- 
ble material. Cap 30, provided at one end of the igniter, 
is formed from a nitrocellulose composition which is for- 
mulated to provide an auto-ignltlon temperature of be- 
tween 149** and 232*C (300° and 450''F). preferably be- 
tween 177** and 204'C (SSO** and 400*F). Igniter 26 is 
located generally in the axial centre of the gas generator 
10, and is supported there by the end cap 20 and end 
closure 22. Gas generant material surrounds the igniter 
Such gas generant material is shown in the form of pel- 
lets 32, but could be provided in the form of a series of 
flat washer-like shaped wafers. 

The igniter shown in Figure 1 is shown in exploded 
form in Figure 2. The igniter comprises a consumable 
tube or shell 28 which is filled with igniter material 34, 
whereby the igniter material is effectively shaped by the 
tube or shell in which It Is confined. As used herein, the 
term "consumable" Is meant to define a nnaterial which, 
when subjected to ignition and deflagration, leaves no 
solid residue and produces essentially no hot solid par- 
ticulates. One end of the tube 28 is plugged with a con- 
sumable retainer 36 to prevent the ignition fibers or 
granules from falling out of the tube. The retainer is pref- 
erably made of nltrocelluk)se or another completely con- 
sumable organic material, such as paper The other end 
of the tube 28 is enclosed by end cap 30 which compris- 
es the auto-ignition material. The igniter material 34 may 
be any of a number of compositions which meet the rec- 
ognised requirements for producing rapid ignition and 
non-toxic ignition products. Such igniter material can be 
provided in the form of small granules, fibers, rolled 
sheet material or as a unitary shaped solid. The use of 
a finely divided mixture of 25 weight % boron and 75 
weight % potassium nitrate (BKNO3) is conventional 
and is suitable in the present igniter. Preferably, in each 
igniter configuration, the igniter material is selected to 
provide a flame propagation rate of at least 1 63 m/s (600 
tt/s). Most preferably, a flame propagation rate of 305 to 
366 m/s ( 1 000 to 1 200 ft/s) is provided. 

Most preferably, the igniter is formed from an ex- 
truded composition which forms a unitary solid rod of 
igniter material as is shown in Figures 3A and 3B: The 
solid rod 38 could also be fomried by moulding a suitable 
composition, such as nitrocellulose with a suitable sol- 



vent and, optionally, a reinforcing fiber and/or a binder 
In this application the term moulding is used in the broad 
sense and is meant to encompass any of the techniques 
for fomiing solid shaped solids In a form defined by form- 
5 ing and/or shaping the solid in a mould. As such, It is 
Inclusive of casting and dry pressing processes. The 
solid rod is particularly suitable for forming igniter 
shapes which are tailored to correspond and comple- 
ment the configuration of the gas generant. In this case, 
10 the assembly of the igniter is greatly simplified inasmuch 
as the solid rod may be used as extruded and cut to an 
appropriate length, or it may be joined with a nitrocellu- 
lose auto-ignition cap 30 either by press-fitting or with 
the aid of a bonding agent. In the latter case, the fabri- 
is cation of the gas generating assembly is further simpli- 
fied since it is not necessary to provide an auto-ignition 
sub-assembly. The solid rod form of the igniter may con- 
tain one or more perforations, preferably in the longitu- 
dinal direction, to facilitate ignition initiation by encour- 
aging flame propagation through the perforations. Ac- 
cordingly, the term solid rod should be understood to re- 
fer to the fact that the solid materials which make up the 
igniter are provided as a unitary body, and the term does 
not mean that such rod is void-free. 

The nitrocellulose auto-ignition cap 30 formed to fit 
over the end of an elongated tube or rod containing ig- 
niter material is a novel aspect of the present invention 
which is also applicable to prior art igniters. Prior art gas 
generators have included auto-ignition means as a sub- 
assembly located adjacent, but set apart from, the ignit- 
er tube sub-assembly. In such prior art gas generators, 
the end of the metal igniter tube adjacent the auto-ignl- 
tion means is closed by a screen which retains the ig- 
niter material granules in the tube, while providing a path 
for the flame from the auto-ignition means to pass into 
the tube to contact and ignite the igniter material gran- 
ules. In assembling these prbr art gas generators par- 
ticular attention needs be given the proper location and 
alignment of the auto-ignition and igniter tube sub- as- 
semblies to assure that ignition of the auto-ignition 
means will properly activate and ignite the ignition ma- 
terial in the metal igniter tube. The nitrocellulose based 
auto-ignition cap 30 can be assembled on igniter tubes 
as used in prior art gas generators thereby eliminating 
the need for both the separate auto-ignition means and 
the screen closure with its associated mounting means. 
Such simplifies the assembly of such a gas generator 
while eliminating the possibility of misalignment of the 
two sub- assemblies occurring during fabrication. 

Figures 4A and 4B illustrate an igniter 26 compris- 
ing a metal Igniter tube 40 which contains a rapid defla- 
gration cord (RDC) 42 surrounded by igniter material 34. 
all of which is well known in prior art igniters. The igniter 
of Figure 4 is improved over the prior art igniters in its 
incorporation therein of a nitrocellulose based auto-ig- 
nition cap' 30 as* used in the embodiments of Figures"! 
and 3. Accordingly, the nitrocellulose based auto-igni- 
tion cap is a novel and unobvious element of the fully 
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consumable Igniters described herein which can also be 
advantageously used with prior art igniters which are 
otherwise not fully consumable. 

It is generally recognised that the materials used in 
the gas generator are selected and formulated so that 
they do not produce toxic by-products, since occupants 
of the vehicle will be subjected to such by-products. 
Since incomplete combustion of organic materials can 
result in the production of carbon monoxide, a toxic gas, 
sufficient oxidants are usually provided in the gas gen- 
erator to assure essentially complete combustion to 
non-toxic carbon dioxide. 

The fully consumable Igniter tube is preferably pro- 
duced from a nitrocellulose baised composition, in which 
case the nitrocellulose additionally functions as at least 
part of the igniter material. However, it is not necessary 
that the consumable igniter tube also function as igniter 
material, any fully consumable organic material of suf- 
ficient stiffness which does not produce toxic by-prod- 
ucts may be used. Materials such as paper and appro- 
priate plastics, such as poly(hydrocari3ons) and poiy(hy- 
drocarbon oxides) are suitable, provided sufficient oxi- 
dants are also provided, either in the tube or elsewhere 
within the gas generator, to provide for essentially com- 
plete combustion to carbon dioxide. The tube shape can 
be produced by conventional forming methods such as 
by extrusion, or by rolling a sheet of the material into 
tube form and stabilising it In such form by the use of a 
suitable heat treatment or with the use of binders. 

The nitrocellulose based auto-ignition end cap 30 
is prepared from nitrocellulose and a suitable amount of 
a stabiliser, such as diphenylamine or ethyl centralite, 
to result in a composition having the desired auto-igni- 
tion temperature in the range of 149* to 232°C (300° to 
450** F) and, preferably, in the range of 177° to 204^*0 
(350° to 400^ F). Decreasing the amount of stabiliser 
provides lower auto- ignition temperatures. Accordingly, 
an appropriate amount of stabiliser to accomplish the 
desired auto-ignition temperature could be a lesser 
amount, such as up to 2% by weight, than the up to 4% 
amount that is commonly used In nitrocellulose compo- 
sitions. The composition need not be uniform through- 
out the end cap, but may provide lower concentrations 
of stabiliser at particular surfaces wherein the varied 
concentration is particularty effective in achieving the 
desired auto-ignition, such as those regions which are 
most effectively thermally coupled with the inflator exte- 
rior by an intervening region of high thermal conductivity. 

The igniter material, as indicated previously, can be 
any o1 the recogriised igniter materials, such as a finely 
divided mixture of boron and potassium nitrate. In an 
embodiment involving a fully consumable ignition tube 
which is made of a material having a slow or effectively 
non-existent flame propagation rate, the use of a suita- 
ble fusing material, such as a length of RDC cord, in 
combination with the igniter material, will assure a sat- 
isfactory rate of ignition. The use of a solid rod of a mix- 
ture of nitrocellulose with 1 to 4% stabiliser as the igniter 



is the preferred embodiment inasmuch as it greatly sim- 
plifies the fabrication of the igniter and provides a more 
readily achieved, consistent product. The rod is prefer- 
ably produced by an extrusion process, however, it can 
s be produced by moulding or by rolling and setting a 
sheet of the nitrocellulose composition into a rod shaped 
form. Virtually any of the known igniter compositions can 
be extruded provided it possess appropriate plasticity at 
the temperatures and pressures used in the extrusion 
10 process. Such plasticity can result either from the melt- 
ing of one or more components, from the ability of one 
or more components to plastically deform at the extru- 
sion conditbns, or from the addition of a solvent or sus- 
pending medium (such as water) which can be volatil- 
75 ised from the finished extruded product. For instance, 
the conventional mixture of 25% finely divided boron 
and 75% potassium nitrate can be provided as an ex- 
trudable mixture by mixing with methanol and water, 
with the possible addition of a binder, such as bentonite, 
and/or reinforcing fibers, such as graphite or fiberglass 
fibers. While the extruded product is a unitary solid, in 
its dried or cured form it will contain some degree of po- 
rosity resulting in a variable degree of effective surface 
area. The greater the amount of effective surface area, 
the faster will be the ignition or flame propagation rate 
of the igniter. 

The gas gene rant 32 can be any of the materials 
which meet the recognised requirements of suitable 
burning rate, non- toxicity and flame temperature. Suit- 
able compositions are described in U.S. Patent Nos. 
4,203,787 to KIrchoff et al. and 4,369,079 to Shaw, 
which patents are incorporated herein by reference: 

Figures 5A and 5B illustrate an airt^ag inflator which 
uses an igniter according to the present invention with 
gas generant washer-lii<e wafers which are centrally, or 
intemally. ignited. The inflator 50 includes elongated 
housing 52 which includes a first end 54. At the other 
end of the housing 52. a second end base 56 is provided 
to effectively enclose the igniter contents. The housing 
52 contains a filter pack 56 having a generant preload 
assembly 60 adjoining the first end 54. The preload as- 
sembly provkies a degree of compressive resiliency to 
physically stabilise the gas generant material against at- 
trition caused by vibration, thermal expansion or shocks 
as might be encountered if the assembly is accidentally 
dropped. The washer- shaped gas generant waters 62 
and screen spacers 64 are alternately stacked from the 
first end 54 to the second end base 56 inside of the filter 
pack 58. Located within the central opening of the 
stacked washer-like wafers is an igniter 66 in accord 
with the present invention. The igniter shown in this em- 
bodiment is produced as an extrusion having a six point- 
ed star cross-section. The second end base 56 retains 
an initiator, such as a standard squib 66, and an auto- 
ignition charge 70, formed of a material, such as a sen- 
sitised nitrocellulose composition, selected to auto-ig- 
nite at a temperature of 149** to 232'C (300** to450'*F), 
preferably between 177" and 204'*C (350" and400»F). 
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The auto-ignition charge 70 is retained in second end 
. base 55 by an overlying screen retainer 72. Perfora- 
tions, or porting holes 74, in appropriate locations in the 
elongated housing 52. allow the generated gas to exit 
the inflator to the Interior of a conventional airbag (not s 
shown). The inflator is assembled by loading the at>ove 
described components in the elongated housing 52 and 
then swaging the second end of the housing 52 over the 
second end base 56 resulting in a swage stal^e 76 se- 
curing the end base 56andall of the loaded components io 
in place. Optionally, the cavity 78 may be loaded with a 
booster charge and closed with an aluminium foil or 
plastic disc. 

A further inflator embodiment using an igniter ac- 
cording to the present invention as shown in Figures 6 A 
and SB, wherein like itenns are designated by the same 
reference numbers as used in Figures 5A and 5B. This 
inflator is similar to the Inflator shown in Figures 5A and 
58. however it provides the gas generant as pellets 80 
and provides an end closure 82 which more securely 
holds the igniter in a central location within the combus- 
tion chamber, f^oreover, the igniter 86 in this embodi- 
ment comprises a hollow extruded tube of nitrocellulose 
88 which is loaded with an igniter material 90, such as 
a nitrocellulose composition or a mixture of finely divided 25 
boron and potassium nitrate. 

A particularly preferred inflator using the Inventive 
igniter is described in the previously referred to co-pend- 
ing U.S. application 08/392,570, entitled "Gas Genera- 
tion and Ignition System for Airbag Inflation". An exam- 30 
pie of such an igniter, using an extruded gas generant 
and providing for gas generation to proceed generally 
from the extemal suriace to the interior is shown in Fig- 
ures 7A and 78, wherein like items are designated by 
the same item numbers as used in Figures 5 A and 58. 3S 
This inflator provides the gas generant 91 as at least 
one moulded or extruded solid block 92 having grooves 
94 extending Into the block from its external surface, and 
suitable for retaining linear, preferably extruded, igniter 
strips 96. 40 

In the embodiment of the Figure, four igniters are 
provided in four primary grooves. The igniter strips pref- 
erably extend past one end of the gas generant solid 
block into the initiation chamber 98 wherein they are 
contacted by initiation gases produced either from acti- ^ 
vation of the squib 68 or from activation of the auto-ig- 
nition charge 70. The configuration of the grooves 94 
can be designed to provide desired gas generation char- 
acteristics and to assist in retaining the igniters therein 
during the assembly process. The cross-sectional so 
shape of the moulded or extruded linear igniter strips 
can also be designed to cooperate with the shape of the 
grooves provided in the gas. generant solid blocks 92. It 
should be noted that in this, as well as the other embod- 
iments, the igniter usually does not fully occupy the cav- 
ity or housing provided for it. Typically, sufficient open 
space is provided between the igniter and its cavity or 
housing to permit flames produced by the squib or the 



first ignited portions of the igniter to spread along the 
length of the igniter, thereby accomplishing virtually in- 
stantaneous ignition abng the entire length of the ignit- 
er. 

Figures 8 A and 88 Illustrate a linear Igniter compris- 
ing a hollow, preferably extruded, tube 1O0 loaded with 
granules of igniter material 102 and closed by consum- 
able end plugs 1 04. 

Figures 9A through 91 show various advantageous 
cross- sections of solid, preferably extruded, igniters ac- 
cording to the present invention. The configurations 
shown in Figures 9A through 9D are particularly suitable 
for use in centrally ignited inflators, such as those de- 
picted in Figures 1, 5 and 6. The configurations shown 
in Figures 9E through 91 are particularly suitable for use 
in externally ignited inflators (i.e. those which ignite from 
the outside with the ignition progressing inwardly) such 
as the inflator depicted in Figure 7. 

The generally triangular cross-section of the auto- 
tgnition cap (as best seen in Figures 38 and 48) can be 
coordinated with a cavity in the adjacent combustion 
chamber end structure to provide for self-centering of 
the igniter as it is assembled within the cavity. The effi- 
ciency of such an auto-igniter cap is enhanced by tocat- 
ing it adjacent an inflator component, such as an alu- 
minium combustion chamber end structure, which pro- 
vides good heat conductivity between the auto-igniter 
cap and the exterior of the inflator The inflator of Figure 
10 is similar to the inflator depicted in Figure 5, and uses 
similar item numbers to designate similar components. 
The inflator of Figure 10, however, incorporates a tubu- 
lar igniter 1 26 packed with ignition material 1 29 and hav- 
ing an auto-ignition cap 130 which fits centrally within a 
female cavity 1 32 in the first end 54. The female cavity 
1 32 is shaped to position the triangular shape of the au- 
to-ignition capsothatthe igniter is located along the axis 
of the cylindrical inflator housing 52. Moreover, it is 
shaped to permit the end of the auto-ignltlon cap 1 30 to 
fit flush against the interior surface of the aluminium 
housing at the bottom 1 34 of cavity 1 32, thereby assur- 
ing good heat conductivity between the exterior of the 
inflator housing and the auto-ignition cap. 

In accordance with the invention an improved ignit- 
er which is economical and relatively convenient to pro- 
duce and install in a gas generator Is provided. The im- 
proved igniter provides for improved inflation of automo- 
tive airbags by avoiding the production of hot particulate 
residue in the generated gas while also providing for a 
simplified and less expensive manufacturing process. 
Moreover, the embodiments which do not use rapid de- 
flagration cord (RDC) provide dimintehed toxicity in the 
generated gas due to elimination of the lead present in 
the RDC. 

Reference is made to co-pending European patent 
application 95301548.4 which is equivalent to U.S. pat- 
ent application 08/213,176. 
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Claims 

1 . An igniter (26) for use in a vehicle airbag assembly 
comprising an igniter materia! (34) which is main- 
tained in its intended functional shape as or by a 
solid body (28) of a consumable material which is 
essentially consumed to a non-solid phase upon ig- 
nition of the igniter material (34). 

2. The igniter of claim 1 wherein at least a portion of 
said solid body of consumable material is formed 
from a material having an auto-ignition temperature 
in the range of 149* to 232'C (300* to4S0'*F). 

3. ' The igniter of claim 1 or 2 wherein at least part of 

said consumable material comprises nitrocellulose, 
a nitrocellulose composition or a mixture of boron 
. and potassium nitrate. 

4. The igniter of claim 1 . 2 or 3 having a flame propa- 
gation rate of at least 183 metres per second (600 
feet per second). 

5. The igniter of claim 4 having a flame propagation 
rate of 305 to 366 metres per second (100 to 1200 
feet per second). 

6. The igniter of any preceding claim wherein the 
shape of said solid body (28) of consumable mate- 
rial comprises a hollow shell or tube. 

7. The igniter of claim 6 wherein said igniter material 
(34) comprises a particulate material confined with- 
in said solid body (28). 

8. The igniter- of any preceding claim wherein a defla- 
gration cord (42) Is part of said ignition material. 



id body (28, 66, 96) is made from an organic com- 
position. 

14. The igniter of any preceding claim including a con- 
5 sumable cap (30) comprising an organic material 
which will auto-ignite at a temperature in the range 
of 1 49* to 232*C (300* to 450*F) enclosing one end 
of said solid body (28). 

'iO 15. The igniter of claim 14 wherein said cap (30) com- 
prises nitrocellulose having an auto-ignition tem- 
perature of 177* to 204*C (350* to 400*F). 

16. A gas generator (10) for inflating an automotive air- 
'5 bag which includes an igniter (26) as claimed in any 
preceding claim, a gas generating composition (32) 
surrounding said igniter and means (24) to initiate 
the ignition of said igniter (26). 

20 17. The generator (10) of claim 16 including the igniter 
(26) of claim 14 or 15 wherein said cap (30) is 
shaped to cooperate with a complementary mating 
portion at an end of a generator housing (12) to hold 
said one end of the igniter (26) in a generally central 
location of said end of the generator housing. 

18. An igniter for a vehicle airbag assembly including a 
cap (30) fabricated from a material which is con- 
sunned producing essentially no solid by-products 

50 when the igniter is ignited and which auto-ignites at 
between 149* and 232*C (300* and 450*F). 

19. The igniter (26) of claim 18 wherein said cap auto- 
ignites at between 177* and 204*C (350* and 

3S 400*F). 



9. The igniter of any one of claims 1 to 5 wherein said 
solid body (66» 96) of consumable material is pro- 40 
vided as an integral solid rod. 

10. The Igniter of any preceding claim wherein said sol- 
id body (28, 66, 96) of material is comprised of com- 
positions selected from the group consisting of nl- 
trocellulose, paper, polyhydrocarbons, poly(hydro- 
carbon oxides) and a mixture of igniter material and 
a binder. 

1 1 . The igniter of any preceding claim wherein said sol- so 
id body (28. 66, 96) is formed by an extrusion proc- 
ess. 

12. The igniter of anyone of claims 1 to 10 wherein said 
solid body (28, 66, 96) is formed by a moulding proc- ss 
ess. 

13. The igniter of any preceding claim wherein said sol- 
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